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Gaps in Propolis Research: Challenges Posed to Commercialisation and the 
Need for an Holistic Approach 
Both the season and region in which propolis is collected influence its chemical 
composition, resulting in variations in biological activity. Significant differences in 
composition and concentration of certain chemical compounds in propolis make 
standardisation and quality control challenging. In addition, the lack of uniformity in 
evaluation methodology and analytical techniques, make it extremely difficult to 
correlate data across the climatic zones.  In this report, we focus on the gaps in propolis 
research and the challenges they pose for commercialisation, with suggestions as to how 
we might address them. We hope to stimulate further research which explores the 
holistic nature of propolis in order to derive a propolis bioactivity standard. 
Key words: Propolis Activity Factor, Principle Component Analysis, Propolis Bioactivity Quotient, 
Honeybee, Composition-Activity Relationship, Contamination, Adulteration, Standardisation, Heavy 
metals. 
INTRODUCTION  
The word propolis was coined by Aristotle. It means pro (before) polis (city) i.e. before the 
city and is often referred to as defender of the city i.e. the bee colony. Propolis is also known 
as bee glue (Kuropatnicki, Szliszka, & Krol, 2013). It is a resinous material collected by bees 
from various plant exudates. Bees use propolis to narrow the hive entrance, seal cracks and 
embalm dead organisms inside the hive. The antibiotic property of propolis is a key factor in 
maintaining a healthy hive environment (Sanpa et al., 2015; Scazzocchio, D’Auria, 
Alessandrini, & Pantanella, 2006). Another important function of propolis in the beehive is to 
protect it against microbial invaders (José Maurício Sforcin & Bankova, 2011).  
Whilst the precise composition of propolis varies greatly, it is generally composed of 
around 50% plant resin, balsams, plant latex, and vegetable glue, 30% wax, 10% essential 
and aromatic oils, 5% pollen and 5% various other substances such as  polyphenolic 
substances (e.g. organic phenols, flavonoids, and ketones) and organic debris (Burdock, 
1998; Klaric et al., 2018; Monti, Berti, Carminati, & Cusini, 1983; Salatino, Fernandes-Silva, 
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Righi, & Salatino, 2011; J M Sforcin, 2007). Over 300 different compounds have been 
identified in propolis so far (Kasote, 2017), including broad groups of phenolics, flavonoids, 
and isoflavons, di- and  triterpenes, cinnamates, coumarates, caffeic acids, prenylated 
derivatives, chalcones, lignans, and benzophenones. These chemicals in different 
concentration can be found in all three climatic zones.  Propolis has been classified by 
researchers using a number of different approaches including type of propolis such as colour, 
chemical composition, geographical location, bee species etc (Anjum et al., 2018; Bankova, 
2005b; Maraschin et al., 2016; Milena P Popova et al., 2007; Alexandra Christine Helena 
Frankland Sawaya et al., 2009; Yuliana, Wijaya, & Nasrullah, 2013). In this report, we have 
classified propolis into three distinct groups based on geographical location. Firstly, 
temperate zone propolis, originating principally from Populus nigra in Europe, North 
America, South Argentina, and non-tropical regions of Asia. This class of propolis is known 
to contain mainly flavonoid aglycones (flavones and flavanones), phenolic acids, and their 
esters (Bankova, 2005b; Bankova, Castro, & Marcucci, 2000; Bankova, Popova, Bogdanov, 
& Sabatini, 2002). The second type is tropical propolis from Central and South America, 
Central Africa, South and South-East Asia. This class of propolis is rich in phenolics, 
flavonoids, prenylated derivatives of p-coumaric acids, terpenes, lignans, and benzophenones 
(Bankova, Popova, & Trusheva, 2018; Marcucci, 1994; Salatino et al., 2011). The third type 
is subtropical propolis, from North Africa, Eastern Australia, Southern Africa, Northern 
Mexico, East coast of United States, and Mediterranean countries (Greece, Cyprus, Sicily, 
Croatia, Algeria and Malta etc). This type of propolis has a chemical composition similar to 
that of tropical propolis with additional constituents like aromatic acids, stilbenes, prenylated 
flavonoids and chalcones (Graikou, Popova, Gortzi, Bankova, & Chinou, 2016; Massaro, 
Simpson, Powell, & Brooks, 2015; Milena Petkova Popova, Graikou, Chinou, & Bankova, 
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2010; Sahinler & Kaftanoglu, 2005). In the above cases, the list of countries is not exhaustive 
(Figure 1). 
Research over the last two to three decades has further exposed the wide potential of 
propolis, particularly its biological applications. Applications like anti-cariogenic (Eley, 
1999; Koo, Rosalen, Cury, Park, & Bowen, 2002), anti-protozoan (Silva Cunha et al., 2004), 
anti-inflammatory (Borrelli et al., 2002), antioxidant (Ahn, Kumazawa, Hamasaka, Bang, & 
Nakayama, 2007; Isla, Nieva Moreno, Sampietro, & Vattuone, 2001), immune-stimulating 
(Oršolić, Knežević, Šver, Terzić, & Bašić, 2004; Sá-Nunes, Faccioli, & Sforcin, 2003), 
antiviral (Amoros et al., 1994), anti-diabetic (Al-Hariri, 2011), anti-tumor (Oršolić et al., 
2004), hepato-protective (Banskota, Tezuka, & Kadota, 2001; Seo, Park, Song, Kim, & 
Yoon, 2003), anti-tubercular (Yildirim et al., 2004), antifungal (Ota, Unterkircher, Fantinato, 
& Shimizu, 2001) and antibacterial activity (Santos et al., 2002; J M Sforcin, Fernandes, 
Lopes, Bankova, & Funari, 2000; Silici & Kutluca, 2005), so it has been the subject of 
increasing scientific interest due to its diverse range of biological properties.  
Whilst the literature illustrates the promising and wide ranging biological potential of 
propolis, we still do not have adequate and appropriate ways of understanding its quality 
parameters and of creating meaningful standards. At present, there is no credible 
standardisation model available. The complex chemical composition of propolis presents the 
greatest challenge to standardisation and this has prompted us to review the current status of 
propolis research and to review those challenges. In this article, we will explore the feasibility 
of creating a Propolis Bioactivity Quotient (PBQ). 
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CURRENT SITUATION 
Trends in publication and research over the last five years 
The principle theme of research over the last five years has been the biological evaluation of 
propolis rather than on standardisation and quality control. Standardisation has not attracted 
the attention of the scientific fraternity. However, some research groups notably Prof. Vassya 
Bankova, Bulgarian Academy of Sciences, Bulgaria and Dr. David Watson, University of 
Strathclyde, UK, have highlighted the importance of principle component analysis (PCA) as a 
potential tool for propolis standardisation. The search engine ‘Scopus’ was used to research 
the trend of publications on propolis. The Figure 2A illustrates the steady increase in the 
number of research publications on propolis. Research on Brazilian propolis has dominated 
publications over the last five years (Figure 2B) 
(“https://www.scopus.com/results/results.uri?,” 2018).  
The role of propolis in an era of drug resistance 
The increasing reports of multidrug resistance (MDR) of pathogenic strains of bacteria to 
many available drugs and the slowing rate of new chemical entities being approved, 
continues to be alarming. Novel treatments for infectious diseases are urgently needed 
especially with the emergence of pathogens (e.g. MRSA, Enterococcus spp.) which have 
developed resistance to current treatment (Seidel, Peyfoon, Watson, & Fearnley, 2008). 
Propolis is well known for its antimicrobial activity against different bacteria, yeasts, viruses, 
and parasites by mechanisms such as direct action on microorganisms, and indirect action via 
stimulation of the immune system.  Reports also suggest that propolis is effective against 
MDR bacterial strains (Carvalho, Silva-carvalho, Baltazar, & Almeida-aguiar, 2015; Freitas, 
Shinohara, Sforcin, & Guimarães, 2006; Gekker, Hu, Spivak, Lokensgard, & Peterson, 2005; 
Raghukumar, Vali, Watson, Fearnley, & Seidel, 2010; J M Sforcin et al., 2000; José Maurício 
Sforcin & Bankova, 2011). One study by Scazzocchio et al. demonstrated that propolis can 
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reverse resistance to some antibacterial drugs if used during the early stages of infection 
(Scazzocchio et al., 2006). Furthermore, in vitro experiments have revealed that propolis can 
work synergistically with the antibiotics (A. Fernandes et al., 2005; Scazzocchio et al., 2006; 
Stepanović, Antić, Dakić, & Svabić-Vlahović, 2003). In this context, we believe that the 
emergence of novel forms of antibiotic resistance could also be reduced by concurrent 
administration of propolis with antibiotics, paving the way for a new line of treatment 
strategy. 
Legislative and regulatory environment 
Twenty years ago, honey was by far the most important bee product within the European 
Union. Today propolis is also an important commercial product for beekeepers, along with 
other bee products e.g. bee pollen, royal jelly, beeswax, bee venom etc. Propolis is commonly 
sold as a food supplement and is considered a foodstuff of animal origin by the EU. 
Composition, labeling, and safety of bee based food products is regulated within the 
legislative framework of the EU (Vujić & Pollak, 2015). However, one EU report states that, 
the economic value of propolis is difficult to measure because it has no legal definition and is 
not a registered product (EC, 2013).  
Polycyclic aromatic hydrocarbons (PAHs) are a group of more than 100 different 
chemicals, a number of which have proven carcinogenic properties. EU commission 
regulation No 835/2011 states the maximum level for PAHs in foodstuffs (EC, 2011). 
Reports on the high presence of PAH levels including benzo[a]pyrons above The European 
Food Safety Authority (EFSA) permitted level in dietary supplements, has caused alarm 
amongst propolis manufacturers (Moret, Purcaro, & Conte, 2010; Zelinkova & Wenzl, 2015). 
These reports may force EFSA to impose stricter regulation and in turn, restrict the sourcing 
of propolis from regions associated with high PAH levels. Currently we don’t have enough 
information to clearly identify regions with high PAH levels in propolis. The increasing 
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research into propolis from different climatic zones, as seen in the case of Brazilian propolis, 
can only help the development of a more effective legislative framework in the near future. 
CHALLENGES 
Researchers and manufacturers face many challenges. These include standardisation, 
contamination, adulteration, regulation and the declining global bee population. The 
maximum permitted levels of contaminants, adulterants in propolis has not been established 
as in case of foodstuff. The commission of the European communities have set maximum 
levels for certain contaminants in foodstuffs, but no bee products could be found in the list 
(EC, 2011). Wide deliberation to formulate guidelines and regulations on establishing these 
limits is required. Such studies for bee products will help to define and establish the limits for 
contaminants in propolis. 
Standardisation 
It is possible that propolis is the most complex mixture of chemicals found in plant derived 
products. Various factors contribute to the chemical complexity of propolis such as phyto-
geographical origin, climatic conditions, the time of collection, and the type of bees foraging 
etc (Bankova, 2005a; Burdock, 1998; Cheng & Wong, 1996; J. A. Fernandes, Leomil, 
Fernandes, & Sforcin, 2001; Murad, Calvi, Soares, Bankova, & Sforcin, 2002; Seidel et al., 
2008; Silici & Kutluca, 2005). James Fearnley in ‘Bee Propolis – Natural Healing from the 
Hive’ (2001) states that the distinctive climatic conditions with their associated unique 
pathogens, force the local flora to develop those particular chemicals most useful for their 
own defence and survival (Fearnley, 2001). Advances in chromatographic analytical methods 
enables us to separate, extract and isolate the wide range of components from propolis 
(Kuropatnicki et al., 2013). Over 300 different compounds have been identified so far. The 
chemical complexities of propolis pose a real challenge to understanding content and 
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percentage uniformity, as well as predictable biological activity. Diverse chemical structures, 
molecular weight, and polarity of constituents make it difficult to apply a single analytical 
technique vis a vis standardisation even in today’s era of very advanced techniques like LC-
ELSD, LC-MS/MS, LC-NMR, GC-MS, and other hyphenated techniques. 
Contamination  
Pesticides 
The primary source of pesticide residues in propolis continues to be agricultural practices as 
well as the application of pesticides in the hive. Insecticides, fungicides, herbicides, and 
acaricides have been detected in reports from different continents (González-Martín, Revilla, 
Vivar-Quintana, & Betances Salcedo, 2017; Mullin et al., 2010; Niell et al., 2015; Zhu, 
Schmehl, Mullin, & Frazier, 2014). Commonly used pesticides such as organophosphates, 
pyrethroids, carbamates, and organochlorides have been identified in propolis using various 
advanced analytical techniques. EFSA assessed and banned the use of clothianidin, 
thiamethoxam, imidacloprid, and fipronil after considering their effect on bees (EFSA, 2013). 
The European commission has decided to move towards implementing a complete ban on 
pesticides such as neonicotinoids, based on risk assessments by EFSA published in 2016. 
Many steps are being taken to reduce the presence of pesticides in propolis and their 
detrimental effects on honey bee colonies. We will refer to some of them here with a focus on 
policy making, education, and awareness raising programs for beekeepers. In terms of policy 
making, some governments are identifying areas specifically for natural beekeeping, banning 
bee harming pesticides such as neonicotinoids, and labelling pesticide packaging with ‘bee 
toxic’ warnings. On the educational front, activities include, risk-reduction approaches for 
growers and pesticide applicators including recommendations for the use of pesticides only 
when needed, using less toxic formulations and less toxic compounds (particularly to avoid 
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broad spectrum insecticides, and application of pesticides during non-bloom phase of crops), 
avoiding contamination of water, and notifying beekeepers about pesticide application 
periods, making it possible to remove colonies in advance from such areas. Lastly, 
beekeepers can be made aware of the health hazards from pesticides to consumers as well as 
the impact on the beekeeping industry (Ellis et al., 2017). 
Antibiotics 
Abusive use of antibiotics and their wide spread presence in the environment where bees are 
foraging, means they find easy access into propolis. Accidental or sometimes intentional 
application of antibiotics like Tetracyclines and Chloramphenicol for disease control has 
contributed to alarmingly high concentrations in propolis (Bononi & Tateo, 2008; Levy, 
1992; Zhou et al., 2009). Propolis is classified as a foodstuff of animal origin therefore, 
antibiotics residue in propolis is not tolerated in the EU (EC, 2000). 
Heavy metals 
Urbanisation, industrialisation and agricultural practices have contributed to high levels of 
pollutants in the environment. The toxic nature of heavy metals present in propolis is the 
most serious healthcare concerns for regulatory bodies.  Honey bees accidentally collect 
heavy metals from the environment and carry them into the hive. Therefore, honey bees and 
hive products such as propolis can be used as indicators of environmental pollution. Because 
of the sticky nature of propolis, it is a better indicator of heavy metal contamination in the 
environment than honey (Conti & Botrè, 2001; Finger, Filho, Torres, & Quina´ıia, 2014; 
Matin, Kargar, & Buyukisik, 2016). The adverse effect of heavy metals and their prolonged 
half life in the body is a significant concern which may ultimately be detrimental to the future 
of propolis as a medicine.  
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A recent report on a technology using cellulose xanthogenate prepared from the 
common rush, and designed to remove excessive lead from propolis, is helping us to develop 
an economical and efficient technology to deal with this problem (L. H. Zhang, Li, Yuan, & 
Zhang, 2011). However, it is always better to prevent the entry of heavy metals into propolis, 
by avoiding beekeeping in industrial areas. 
Adulteration 
Increasing demand and limited supply of propolis has increased the practice of adulteration. 
A study on poplar propolis provides a good example of how propolis can be adulterated. P. 
nigra produces resin with a remarkable similarity in chemical composition, specifically 
flavonoids, to poplar propolis. This makes adulteration of propolis with poplar bud resin an 
easy task. This is well explained in research published by Zhang et al. where almost 27 out of 
50 propolis products available in the market were found to be adulterated with poplar tree 
resin. Salicin, a marker compound, is found in poplar tree gum, but not in propolis. Salicin is 
hydrolysed by β–glycosidase present in the saliva of honey bees during propolis collection 
and processing (C. P. Zhang, Ping, Wang, Huang, & Hu, 2015). Recent reports studying 
adulteration in propolis have used the presence of salicin as a standard (C. P. Zhang et al., 
2015). Apart from using individual marker as detectors for adulteration, plant resins such as 
(poplar tree resin) can be detected easily in adulterated propolis (with high content of resin), 
as unadulterated propolis contains up to 50% resins. In this respect, more studies are required 
which explore other useful marker compounds to detect adulteration in propolis. 
Declining bee population 
It is widely accepted that roughly one third of all food crops rely on natural pollinators 
particularly honey bees. Bees also produce hugely beneficial foods and medicines, such as 
honey, pollen, royal jelly, and propolis. Diminishing bee colonies can be linked to many 
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factors- biological, chemical and mechanical. The most important factor is biological, 
involving the invasion of honey bee colonies by the Varro mite, Irido virus, and 
Microsporidian. All are linked to bee colony decline (Bromenshenk et al., 2010). Colony 
collapse disorder (CCD) is the phenomenon that occurs when the majority of worker bees in 
a colony disappear and leave behind a queen, plenty of food and a few nurse bees to care for 
the remaining immature bees and the queen (“Pollinator Protection,” 2017). This has been a 
particular cause of concern in United States with some beekeepers reporting unusually high 
losses of 30-90 percent of their hives (Environmental Protection Agency, 2017). In 17 
European countries the average honey bee colony loss due to overwinter ranged between 2% 
and 32% (Jacques et al., 2017). Chemical and environmental factors are also a serious cause 
of decline. Environmental factors include, excessive use of pesticides (Neonicotinoids, a type 
of neurotoxin which basically attacks the bee's brain with a lethal dose of around 4 
nanograms), contamination of the environment with heavy metals, antibiotics, and pollution 
in air and water. The third reason for decline involves mechanical factors including, large-
scale monoculture, reducing diversity in cropping patterns, and adverse climatic changes 
producing both summer and over wintering losses. The reduction in foraging habitat of honey 
bees also increases their vulnerability. Clearly, honey bee health is multi-factorial and far 
more complex than originally thought. 
GAPS IN PROPOLIS RESEARCH 
Limited focus on propolis research 
The most significant gap in propolis research lies in the limited number of reports and 
comparative studies which include both biological activity and chemical composition of 
propolis from different climatic zones (Bankova, 2005a). In addition, propolis research and 
publications has been focused on only a small number of countries. Most research has been 
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on Brazilian and European propolis. Recently there has been a surge in research into propolis 
from China, Turkey and India (Figure 2B). There have been few reports on African, New 
Zealand, and South Asian propolis. Propolis from tropical countries is still not well 
understood, although as discussed in the section on chemical complexity, we can expect 
promising biological activity and unique chemical composition attributable to the higher 
disease burden in these countries. 
Another concern in connection with propolis research is that the rationale for 
conducting research studies often seems to be missing or misguided. This is presumably 
because research activities are uncoordinated and without clear and specific objectives. Many 
research groups are randomly screening for biological activity of propolis with limited or no 
correlation with chemical composition. Most of this research has to be excluded in any effort 
to construct a propolis activity factor (PAF) or measure of holistic standardisation. 
The small number of clinical trial reports are also not encouraging. In spite of a 
reported plethora of biological activities, particularly anti-microbial effects, the trend of 
clinical trials suggests that, propolis has been mainly explored for oral problems such as 
mucositis (Piredda et al., 2017; Tomaževič & Jazbec, 2013), denture stomatitis (Pina et al., 
2017), gingivitis (Bretz, Paulino, Nör, & Moreira, 2014), plaque inhibition (Kumar, 
Musalaiah, Pantareddy, & Sudhakar, 2015), dental hypersensitivity (Torwane et al., 2013), 
and cavity disinfection (Prabhakar, Karuna, & Deepak, 2015; Tulsani, Chikkanarasaiah, 
Siddaiah, & Krishnamurthy, 2014). A few clinical trials have been reported on other 
biological activities of propolis, such as wound healing (Henshaw et al., 2014); stomatitis 
(Samet et al., 2007), dengue hemorrhagic fever (Soroy, Bagus, & Yongkie, 2014), anti-
Helicobacter pylori (Vaz Coelho et al., 2007), and reduced oxidative stress (Mujica et al., 
2017) etc. Although propolis from almost all climatic zones is known for its anti-bacterial 
activity, it is surprising that so few clinical trials have been carried out. Propolis can reverse 
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antibacterial resistance, reduce the dose of antibiotics through synergistic mechanism and 
reduces the chances of the development of resistance to antibiotics (Wojtyczka et al., 2013). 
However, these facts need to be supported with clinical study data. 
Inconsistencies in biological evaluation 
Of the many biological activities of propolis, its anti-bacterial activity is most important in 
the context of the mounting problem of bacterial resistance to many drugs. Studies suggest 
that propolis is more active against Gram-positive bacteria (Staphylococcus aureus) than 
Gram-negative (Escherichia coli and Pseudomonas aeruginosa) and yeasts (Seidel et al., 
2008; J M Sforcin et al., 2000; Silici & Kutluca, 2005). Although the results are promising, 
the methodologies used for evaluation vary widely in terms of their principles, research 
output, and measurement methodologies. It is very difficult to compare the results obtained 
from these methods. Four methods are most commonly used for accessing the antimicrobial 
effect of propolis. They are, bio-autography, agar diffusion, agar dilution and serial dilution 
assay (Seidel et al., 2008). In agar diffusion and bio-autography assays, results are reported as 
inhibition in millimeter (mm), whereas for broth dilution assay results are reported in 
minimum inhibition concentration (MIC) (Alexandra C H F Sawaya et al., 2004; Seidel et al., 
2008). Apart from this principle difference, each method has its own limitations. The 
diffusion method is unreliable for comparing propolis samples, as results are directly 
influenced by the solubility of constituents in the agar media, owing to the highly complex 
mixture of compounds with variable polarity in propolis (Bosio, Avanzini, D’Avolio, Ozino, 
& Savoia, 2000; Alexandra C H F Sawaya et al., 2004; Seidel et al., 2008). Serial dilution in 
tubes (i.e. broth macro-dilution) has been considered to produce more consistent results and 
is more suitable for comparing different propolis extracts (Alexandra C H F Sawaya et al., 
2004; Seidel et al., 2008).  
15 
 
Apart from variation in selection of method, the selection of microorganisms to test 
against also creates a challenge. If a universal factor for standardisation is to be derived, data 
used for biological evaluation needs to be gathered from studies where common 
microorganisms are used for example S. aureus. 
Inconsistencies in analytical studies 
It is technically difficult to integrate data where different analytical techniques which work 
on different principles are used to detect specific types of biochemical molecules (Ni et al., 
2007). The following examples illustrate the limitations of some analytical techniques. The 
reference library pool for GC-MS focuses more on primary metabolites (organic and aliphatic 
acids, sugars, and amino acids) which have small molecular weight. In contrast, LC-MS 
cover large hydrophobic secondary metabolites such as alkaloids, terpenoids, and phenols 
(Liu et al., 2017). Therefore, when total content of these constituents are reported and 
quantified based on reference library pool; this can lead to discrepancies in the results. The 
stability of chemicals depends on the environment of the analysis, for example the process of 
alkylation of a sample as a part of sample preparation for GC analysis, transforms the 
flavanones into chalcones. This is supported by findings from the García-Viguera research 
group, where lower concentration of pinocembrin was observed in the same sample when 
using GC-MS rather than HPLC. The authors recommended HPLC over GC-MS for 
flavonoid analysis in propolis (García-Viguera, Ferreres, & Tomás-B arberán, 1993; 
Markham, Mitchell, Wilkins, Daldy, & Lu, 1996). However, HPLC, the commonly used 
technique for analysis, has its own limitations. Many constituents reported in propolis do not 
absorb ultra-violet (UV) light, therefore LC with UV detector cannot detect all the 
constituents. Diode-array and MS detectors are more advanced than simple UV detector, but 
neither can provide a complete solution. Very few studies have reported on the analysis of the 
same propolis sample using GC and LC, enabling us to see how different analytical 
16 
 
techniques affects the reported concentration of chemicals, such as flavonoids and phenolics. 
However, some research groups have performed analysis of propolis using a combination of 
these techniques (Park, Alencar, & Aguiar, 2002). More research needs to be performed 
using this approach. 
IMPACT ON INDUSTRY 
The difficulty in sourcing quality raw propolis 
Research activity and production is often linked with the support and promotional policies of 
governments. It has been observed that the propolis from many locations has still not been 
studied for its biological potential and chemical composition. This makes it difficult to grade 
propolis from different climatic zones. Brazilian propolis is well studied and in the market is 
considered to be premium quality owing to its biological activities. Brazilian propolis is seen 
by some as a reference standard for comparative studies. 
Another industry challenge is the availability of propolis. Apart from low productivity 
of propolis in the hive, many beekeepers remain unaware of its medicinal importance and 
economic potential. For most beekeepers, honey collection is their primary focus. Also, lack 
of education, training, and technology in propolis collection affects the industry. The gap in 
supply and demand alongside increased commercial value makes propolis susceptible to 
adulteration. For example, the practice of adulterating propolis with cheaper poplar tree resin 
creates a profitability challenge for companies selling genuine products. Poor quality 
products affect consumer confidence and eventually result in a lack of trust and reduced sales 
of products. 
The challenge of quality assessment 
Many leading scientists have argued that the biggest challenge for medicines originating from 
natural sources is quality control and standardisation. Bankova et al., state that the differences 
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in the composition of propolis from different continents, make it difficult to determine 
propolis quality and to standardise it (Bankova & Marcucci, 2000; Bankova et al., 2002). 
Lack of standardisation is a limiting factor in the acceptance of propolis as a viable 
alternative or complementary supplement to first line treatment of many diseases. This also 
hampers the growth of manufacturing.  
To enter the regulated market and to comply with the strict rules for product 
registration and placement in such markets, demands optimised and validated products. The 
complex composition of propolis makes this a very challenging task and hence the biggest 
barrier to the expansion and growth of propolis products. 
FUTURE AND REQUIRED INTIATIVES 
Synchronise biological studies and chemical evaluation 
Simultaneous evaluation of biological activities and chemical analysis of propolis is the most 
important research goal if we are to develop a meaningful and acceptable PAF. For biological 
evaluation, S. aureus is the most commonly used organism for screening anti-microbial 
studies. Uniformity in screening methodology and test bacteria would lead to more consistent 
results and better understanding of the efficacy of propolis from different climatic zones. 
Using different analytical techniques on same samples simultaneously is paramount if 
we are to overcome their individual limitations and help to derive accepted parameters for 
standardisation. Earlier reports suggest that GC-MS should be the preferred analytical 
technique for analysis of non-flavonoid components (aliphatic and aromatic acids) and HPLC 
with diode-array detector should be preferred for the analysis of flavonoid components 
(García-Viguera et al., 1993; Markham et al., 1996). To minimise the limitation of HPLC, 
addition of ELSD with diode-array detector would be a better alternative. 
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In the end, to tackle these challenges, the collaborative research approach may be the 
best possible solution. Various research groups with different expertise can collaborate and 
explore propolis in a more logical way as has been seen in reports from some groups 
(Graikou et al., 2016; Kapare, Lohidasan, Sinnathambi, & Mahadik, 2017; Kasote et al., 
2017; Ni et al., 2007; M. Popova et al., 2017; Seidel et al., 2008; Watson et al., 2006).  
Integrated studies involving propolis from all climatic zones 
Interestingly, in spite of the difference in composition, propolis from all regions, by and 
large, exhibit similar biological properties (Burdock, 1998; Marcucci, 1994). This directs us 
towards the possibility of determining the patterns of relationship between chemical 
composition and biological activities which would be applicable for propolis from most areas 
of the world. This idea is well supported with research published by Oruc et al., (2017) on 
partial standardisation of propolis where, compounds like galangin, naringenin, pinocembrin, 
pinobanksin, quercetin, apigenin, caffeic acid and caffeic acid phenylethyl ester (CAPE) were 
detected in all 45 samples from all seasons and altitudes (Oruç, Sorucu, Ünal, & Aydin, 
2017). However, any such effort to derive a propolis activity factor using selective classes of 
markers would limit its application to propolis from specific regions. For example standards 
for assessing the quality of Brazilian propolis use isoliquiritigenin, medicarpin, Biochanin A 
and from Brazilian green propolis artepilin C, Drupanine, Bacharin etc. Propolins C and D 
are representative of prenylated flavonoids, major constituents of tropical propolis from 
Taiwan Okinawa and subtropical Australia (Chen, Ye, Ting, & Yu, 2018). It seems clear that, 
different classes of chemicals are related to specific biological activities. This fact suggests to 
us the need to identify separate propolis activity standards for different disease conditions i.e. 
an anti-oxidant standard, an anti-microbial standard, an anti-fungal standard and so on, each 
related to a specific set or family of chemicals. While setting propolis activity standard, the 
specific chemicals which are principally responsible biological effect of propolis has to be 
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considered while selecting the markers for deriving standards from different climatic zones. 
The characteristic constituents in temperate region propolis are flavonoids without B-ring 
substituents, such as chrysin, galangin, pinocembrin, pinobanksin and CAPE. In tropical 
region propolis, especially Brazilian green propolis, the dominating chemical components are 
prenylated phenylpropanoids (e.g., artepillin C) and diterpenes. For propolis produced in the 
Pacific region, geranyl flavanones are the characteristic compounds which are also found in 
propolis from the African region (Fernandes-Silva, Freitas, Salatino, & Salatino, 2013; 
Huang, Zhang, Wang, Li, & Hu, 2014). This would recognise and value the headline qualities 
of propolis from different climatic zones in a way that a single or universal standard could not 
do.  More reports, integrating propolis from all the climatic zones would further help us to 
derive a robust PBQ. 
Propolis bioactivity quotient classification 
As a first step towards a series of propolis activity standards we propose a model for a 
propolis activity standard based on antioxidant activity. The standard would be based on a 
classification of propolis (I to VI) from high to low activity based on anti-oxidant activity 
(Figure 4). In time we can develop other PBQ classifications around other activities such as 
anti-microbial, anti-inflammatory, anti-cancer etc. We believe that such standards can be 
produced using multivariate analysis by SPSS for phenols flavonoids and other class of 
chemicals. This would help to design and classify propolis from different climatic zones. 
Classification would also help to cater for regional properties of propolis throughout climatic 
zones for specific biological activity.   
Technologies to tackle the current challenges 
In earlier sections, we have identified and highlighted some of the shortcomings in propolis 
research and the challenges they pose to industry. Some encouraging reports exist which can 
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help us tackle some of these challenges.  Many technologies for the prevention and removal 
of contaminants e.g. pesticides, heavy metals, and antibiotics have been reported. Some of 
them are summarised below. Much of the research has focused on lead amongst other heavy 
metals in propolis. The purification of propolis using the alcohol-aqueous method can help to 
remove lead without losing its bioactive phenolics. In another technology, the wedge method 
seems to be the most appropriate technique compared to scraping and plastic nets to obtain 
the best quality propolis (Papotti, Bertelli, Bortolotti, & Plessi, 2012). However, mesh (plastic 
nets) is a preferred method of collection as it helps to reduce the level of lead in the propolis 
(Sales et al., 2006). A technology to remove excessive amounts of lead in propolis using 
cellulose xanthogenate, prepared from the common rush, has provided an economical and 
efficient adsorbent capable of removing heavy metals from propolis (L. H. Zhang et al., 
2011). Paints have been identified as one of the sources of mercury, lead, cadmium and other 
heavy metals (Conti & Botrè, 2001). Educating beekeepers, particularly from developing 
countries to use metal free paints would remove this source of contamination. Simple, quick, 
and reproducible methods and technology, like dual-layer solid phase extraction, to clean-up 
contaminants like antibiotics, heavy metals, and pesticides offer technologies able to improve 
the quality of propolis (Oellig, 2016). Simple techniques like the filth-test can help to detect 
contaminants like arthropod fragments, mammal hairs (from rodents), carbon particles and 
inorganic fragments in propolis (Canale, Cosci, Canovai, Giannotti, & Benelli, 2014). It is 
recommended that beekeeping may be restricted to area at least 3 km radius to prevent lead 
and other heavy metal contamination in propolis (Bogdanov, 2006). The promotion and use 
of green technologies in collection, processing, removal of contaminants, and organic 
beekeeping can together offer a combined solution to the prevention and elimination of 
contamination in propolis. 
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Educating beekeepers would solve many of those problems created by lack of 
awareness. Greater awareness of the health hazards to consumers from pesticides, heavy 
metals, and antibiotics could better inform commercial beekeepers of best practice and 
thereby reduce contaminants, particularly antibiotics. The knowledge of advanced 
beekeeping, collections techniques, and hygiene management would also help. 
Focus on the holistic approach 
Kujumgiev et al. (1999) along with other research groups have demonstrated that 
investigations of the antibacterial action of individual substances, isolated from propolis 
showed that no single propolis component has greater activity than that of the total extract. 
Therefore, whole propolis should be administered as a natural mixture and we should not 
consider individual components as a source of a new powerful antimicrobial (Kujumgiev et 
al., 1999). Furthermore, Popova et al., suggested that the quantification of the active 
compounds into groups such as flavonol and flavones, having the same or close chemical 
structure, correlates better with the biological activity and is more informative than the 
quantification of individual components (M. Popova et al., 2004). 
The best example which supports the aforesaid claim would be caffeic acid phenethyl 
ester (CAPE). This molecule has probably been explored more extensively than any other 
molecules in propolis. It has been identified with solubility and stability challenges. Intestinal 
permeability of CAPE when tested on Caco-2 cell (Gou et al., 2016), showed that the active 
drug transporter, P-Glycoprotein (Gou et al., 2016) was inhibited by CAPE. However, P-gp 
expression up-regulation after 48 h or 72 h exposure (Gou et al., 2016), suggest both 
increased efflux of CAPE and ultimately low concentration reaching the plasma. In addition 
to that, Caffeic acid ester has a water solubility (Demestre et al., 2009) and pH stability 
(Friedman & Jürgens, 2000) problem. In another published study, Narita et al. reported on the 
degradation of chlorogenic acid. Chlorogenic acid is a quinic acid ester of caffeic acid, while 
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CAPE is a phenethyl ester. The author stated that, the presence of ascorbic acid and 
epigallocatechin gallate with chlorogenic acid enhances its pH tolerance (Narita & Inouye, 
2013). Therefore, the assumption can be made that, the stability and efficacy of CAPE and 
many other bioactive molecules in propolis extracts might be higher than their individual 
molecules owing to mechanisms such as synergism, stabiliser, bioavailability enhancer, and 
activity against multiple targets.   
This prompts us to focus on developing an holistic approach to standardisation 
(Figure 3) which considers the important classes of chemical compounds. This can be called 
the bottom-up approach. However, working with standardised extracts will allow scientists to 
relate propolis with particular chemical composition to specific biological activities and 
therefore to formulate appropriate claims (Toreti, Sato, Pastore, & Park, 2013). Application 
of chemo-metric analysis (Tang et al., 2014), fingerprinting and principle component analysis 
(A C H F Sawaya et al., 2007) approaches need to be applied for better deciphering of the 
chemical composition of propolis. Finally, we suggest, a list of chemicals which can be 
termed biomarkers for standardisation of propolis based on frequency of occurrence and 
biological potential. Although any such effort to identify markers for standardization should 
consider chemicals unique to propolis from respective climatic zones. The few listed 
molecules include CAPE, chrysin, galangin, naringenin, pinocembrin, pinobanksin, 
quercetin, p-coumaric acid, ferulic acid, caffeic acid, cinnamic acid, isoliquiritigenin, 
medicarpin, biochanin A, artepilin C, drupanine, bacharin etc. which cover the vast majority 
of biologically active groups of compounds such as phenolics, flavonoid and isoflavons, 
phenylpropanoids, geranyl flavanones, cinnamates, coumarates, caffeates etc. In addition to 
above listed markers, one has to consider markers which are signature molecules to certain 
types of propolis from different climatic zones. Importantly, these classes of chemicals have 
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been reported from all the climatic zones across the globe in variable concentration. This 
approach can lead us towards designing PBQ.  
SUMMARY 
In summary, the last two to three decades have uncovered the potential of propolis via a 
diverse range of biological activities and unique chemical compositions. Various factors give 
rise to the chemical complexity of propolis, for example, phyto-geographical origin, time of 
collection, and type of bees foraging. Complex chemical composition of propolis is the most 
important reason for many of the analytical challenges. Apart from this, propolis has other 
challenges including lack of an holistic approach in research, contamination (pesticides, 
antibiotics, and heavy metals), adulteration, shortcomings of biological evaluation 
methodologies, and lack of clinical trials etc. 
Amongst the plethora of biological activities, propolis is best known for its 
antibacterial potential. The research effort is lacking on two important fronts. Firstly, we need 
more credible data about reduced chances of antibiotic resistances by concurrent 
administration of propolis and antibiotics. Propolis can reverse antibiotic resistance and 
minimises the development of resistance for first line antibiotics. It also exhibits synergistic 
effect and can help to reduce the doses of antibiotics. Secondly, more clinical trials are 
needed to support the aforesaid claims. This would offer a new line of treatment strategy and 
a solution to the world wide crisis of antibiotic resistance.  
The most important challenge faced by manufacturers is standardisation and the 
ability to obtain the right quality of propolis. The differences in composition of propolis from 
different continents make it difficult to both determine quality of propolis and to standardise 
it. Even with modern advanced analytical techniques, the diverse chemical structures, 
molecular weight, and polarity of chemicals in propolis make it difficult to apply a single 
analytical technique for quality assessment. Using two or more techniques is advocated. 
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Lack of comparative studies which combine biological and chemical evaluation poses 
a significant challenge to the standardisation of propolis. This could be due to random 
screening and limited collaborative research rather than focused screening and/or coherent 
research.  Groups randomly screen the biological activities of propolis, with limited or no 
correlation with chemical composition. Simultaneous evaluation of biological activity and 
chemical analysis of propolis samples offers the best option for deriving a universal PAF. 
In conclusion, our proposal is to develop a standardization protocol using an array of 
markers such as CAPE, chrysin, galangin, naringenin, pinocembrin, pinobanksin, quercetin, 
coumaric acid, ferulic acid, caffeic acid, cinnamic acid, isoliquiritigenin, medicarpin, 
biochanin A, artepilin C, drupanine, bacharin etc. which represent the majority of biological 
active groups of compounds such as phenolics, flavonoid and isoflavons, phenylpropanoids, 
geranyl flavanones, cinnamates, coumarates, caffeates etc. Bear in mind, above proposed list 
of chemicals is not exhaustive and important molecules has to be considered while 
performing such studies. This will enable us to identify the pattern and percentage of 
chemicals present in propolis from different climatic zones. Perhaps, it will allow scientists to 
connect a particular chemical profile to a specific from of biological activity. Furthermore, 
principle component analysis and the use of composition-activity relationship databases could 
guide us towards a propolis bioactivity quotient, which could be used for grading propolis by 
composition and for claiming specific biological activity. We hope that this article will attract 
attention for the concept presented and stimulate a new trail of thoughts on propolis research.  
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